ABSTRACT: Within the sand-dwelling macroinvertebrate community at Siridao beach. Goa, polychaetes and bivalves dominated in terms of number of species and population density, respectively. Among these Dondv faba constituted 34.78 %, Scottolana sp. 19.78 %, Nerine cirratulus 16.90 %, Dotllla myctiroides 5.84 % and Glycera alba 4.56 %. Community ~ndlces increased from high to low water mark maximum spahal and temporal species diversihes were 3 48 near the low water mark and 3 49 in January 1982, respechvely Dominance of D mycfuo~des (in Apnl 1981 and 1982) and D faba (in February-March 1981 and 1982) indicated the programmed reproduchve periodicity In the concerned specles Zonahon of macrofauna and CO-enstence of species were d~scermble by cluster analysis
Analysis of community structure is important not only for an understanding of the magnitude of production and energy pathways, but also in evaluating environmental and man-made changes on biota, and further in the management and conservation of the environment. Such studies on estuarine beaches of India are rather few. Some aspects of benthic community structural analysis of sand-dwelling rnacro-invertebrates from an estuarine beach at Siridao, Goa, India ( Fig. 1 ) are presented and discussed in this paper. The study area -Siridao Beach, and estuarine sheltered foreshore -has a tropical climate characterized by south-west rnonsoon (June to September), post-monsoon (October to January) and premonsoon (February to May). Most of the rainfall occurs during the rnonsoon with an annual average of 3000 mm. Heavy swells and beach erosion occur during this period. The tides are semi-diurnal M2 type (Davies 1972 ) with a maximum tidal amplitude of about 2.3 m and intertidal width of about 40 to 50 m. Some of the environmental characteristics of the study area were as follows. Particle size varied from 0.43 to 0.10 mm showing medium to very fine sand. Sahnity, temperature, chlorophyll a (surf waters), and organic carbon of the sand varied from O Inter-Research/Pnnted in F. R. Germany Fig. 1 . Map shomng location of study area at Siridao 3.40 (July) to 33.32 %O (May), 24.6 to 31.6 OC, 0.54 to 9.75 pg 1-' and 0.69 to 2.35 mg g-', respectively (Harkantra 1984) .
Macrobenthic samples were collected at 10 m intervals from high (0 m) to low (50 m) water mark along a transect perpendicular to the beach. Collections were undertaken during the low tide at monthly intervals from January 1981 to May 1982. A metallic quadrat covering a surface area of 0.0625 m2 and penetrating 20 cm into the sediment was used. The enclosed sand was scooped by shovel and washed through a 0.5 mm mesh screen, and retained samples were preserved in 10 % seawater rose-bengal formahn. Fauna1 samples were sorted and counted by species under a stereozoom binocular microscope and converted to individuals m-2. Diversity indices were computed according to Pielou (1975) . Species rank abundances (SRA) was arranged in order of numerical abundance (Pielou 1975) . Sites or months were classified by using the Bray-Curtis index (Clifford & Sephenson 1975) . Raw data were transformed logarithmically into In (X + l ) and group average clustering strategies were used (Sokal & Sneath 1963) . The resulting dendrograms derived from norm& analysis were evaluated using variable stopping rule group (Boesch 1973) . All analyses were carried out on a TDC-316 computer (ECIL).
From this beach 35 species of macro-invertebrates, belonging to 12 major taxa, have been reported earlier (Harkantra & Parulekar 1984) . Bivalvia (35.83 %) and Polychaeta (25.65 %) formed the dominant and codominant taxa in order of fauna1 composition. The number of polychaete species was the highest, compared to other groups. Earlier workers (McIntyre 1968 , Philip 1974 , Croker 1977 , Dexter 1979 ) also noted high numbers of polychaete species on estuarine beaches as compared to open beaches. Composition by numbers of individuals of each species showed dominancy of Bivalvia (Donax faba, 34.78 %), followed by Harpacticoida (Scottolana sp., 19.78 O/O), polychaete (Nerine cirratulus, 16.90 %), Brachyura (Dotilla myctiroides, 5.84 %) and polychaete (Glycera alba, 4.56 %). Such a dominancy of surf-bean clam Donax has earlier been reported from other beaches of Goa (Dwivedi et al. 1973 , McLusky et al. 1975 , Achuthankutty et al. 1978 , Ayyappan Nair 1978 .
Spatial community indices varied considerably from season to season at any given station (Table 1 ). This probably reflects the different reproductive periodicity of the dominant species such as Donax faba, Nerine cirratulus and Scottolana sp. Such variations in spatial distribution within intertidal sandy zones are due to beach slope, local current regime and reproductive periodicity of the invading species (McIntyre 1977) . Species diversity increased from high to low water mark and was highest at low water mark (Table 1) . Such an increase in community indices in a sandy intertidal zone also coroborates the findings of earlier workers (Vohra 1971 , Croker 1977 , Dexter 1979 , Broom 1982 . The diversity values are comparable with those of Rodrigues (1984) for a Goa beach and McLachlan (1977) for a South African beach. However, diversity values were relatively low as compared to the sub-tidal region of a tropical estuary (Parulekar et al. 1980 ) thus reflecting the general paucity of macrofauna on an estuarine sandy beach (Knot et al. 1983) .
Temporal variation of community indices is shown in Fig. 2 . In general these values increased from post-to premonsoon. Low values of species diversity during May 1981 and May 1982 were mainly due to the abundance of Donax faba and Scotfolana sp. associated with low evenness. Such a condition is known as oligomixity (Dejong 1975) and was observed in the same months of both years. This probably reflects the peak reproductive periodicity of these animals during these months. Table 1 and Fig. 2 show that diversity values are counterbalanced by the values of evenness and richness because these are interrelatd concepts (Pielou 1975) . These changes are mainly brought by seasonal spawning of benthic invertebrates; other reasons may be environmental factors or biotic factors such as competition, predation and migration (Thorson 1966) . According to the species rank abundance (Table 2) , different species occupy different ranks during the period of observation. Internal changes in rank of the Harkantra & Parulekar: Community structure of an estuarine beach 6 most abundant species were discernible. Most of the time, Donax faba and Nerine cirratulus were the dominant species, only on a few occasions replaced by Dotilla myctiroides and Scottolana sp. ( Table 2 ). The dominancy of D. myctiroides was recorded in the same month of both years (April 1981 and 1982) . In a much more sheltered estuarine beach at Dona Paula, Goa, Rodrigues (1984) observed the abundance of the same species in July. Similarly D. faba exhibited dominance in the same months (February and March) in 2 successive years (Table 2 ). This possibly reflects the regular seasonal reproductive periodicity of these species. Normal cluster analysis grouped the samples into 2 or 3 groups which correspond to the zonation pattern (Fig. 3) . Only the 0 m station is segregated from the cluster (Fig. 3a, c) , possibly due to the presence of Ocypode ceratophthalma and Talorehestia spinipalma, which usually do not occur in the lower zones. The next cluster comprised mainly of samples at 10, 20 and 30 m stations (Fig. 3a, d ). The fauna of this cluster comprised of Donax faba, Nerine cirratulus, Glycera alba and Dotilla myctiroides. The third group represents the remaining stations (Fig. 3c, d) (Vohra 1971 , Parulekar 1973 . However, the distributions of some species tend to extend to other zones (Fig.  3) , illustrating the continuum concept of animal communities (Gray 198 1) .
Cluster analysis was also carried out to check the monthly samples grouped into 4 clusters corresponding to different seasons to show the seasonal pattern of species distribution (Fig. 4) . Although 4 clusters were (Fig. 4A , B, C and D), these did not exactly reflect the seasonal clusters. The June sample grouped with Cluster C which corresponds to the premonsoon season. This was probably due to the observation being made before the onset of the southwest monsoon on June 5, and hence to the presence of premonsoon species like Glycera alba, Donax faba, Nerine cirratulus, Ocypode ceratophthalma and Lineus spp. Similarly some of the monthly samples tend to cluster with other seasons (Fig. 4) . This is due to the extended distribution of some of the physiologically tolerant and biologically accomodative species during different seasons. However, each cluster ( Fig. 3 & 4) harbours a number of species which have narrow niches or are ecologically specialized (Gray 1981) . The CO-existence of these species is mainly attributed to the interaction of numerous biotic and abiotic factors (Pielou 1975) . In a heterogenous habitat such as the intertidal region, where environmental characteristics vary both horizontally and vertically, multi-species communities, having cyclical patterns tuned with environmental changes, seem to be favoured.
